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Contract  N00014-7()-C-0't32  expired  on  ill  July  1' 


the  progrea.*;  made 


«.ief  Idrtitllv  I'X  bl-u-k  r 'imbefl  'J 

expired  on  3l  July  1977.  This  report  sumnvarizcs 
the  preparation  of  the  SC-9  plasma  particle 


instrument  for  flight  on  the  SCATllA  space  vehicle.  7 J-»  wjjat  follows,  it  is  impor- 
tant to  remember  that  this  contract  had  been  part  ol  a contThuing  program  which 
is  currently  being  supported  by  the  Air  Force.  This  means  that  all  work  reported 
here  will  he  of  the  nature  of  work  in  progress  or  mile.stonos  which  have  been  met. 
rho  actually  delivery  of  the  instrument  in  flight  conf lg,uration  will  not  come 

until  the  first  part  of  1978.  Launch  of  SCVIIIA  is  currently,  scheduled  for  the 
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1.0  Sim\RY 


Nav^-  conLvacl  !,’U001-'t -7(i -C-0/i32  v?as  nuxlificcl  to  provide  a no-cost  exten- 
sion froTn  1 April  19/7  to  31  July  1977.  Tiiir.  overlapped  slightly  tlie  proi)oseJ 
start  of  the  Air  Force  funding,  hut  the  tasl;s  to  be  performed  during  this 
period  v’cre  detailed  in  UC.St)  proposal  89A8,  dated  30  March  1977.  This  exten- 
sion was  granted,  and  with  that  additional  time,  wo  v/cre  able  to  cwnplete  the 
tasks  described  in  the  proposal.  These  included  the  electrical  design  and 
fabrication  of  a power  simulator,  the  3 KHz  analog  display  drivers  and  the 
stimulus  card  for  the  CAMAC  interface  to  the  ground  test  equipment  for  the 
above.  Tliesc  were  all  completed  satisfactorily.  However,  the  software  for 
appropriate  display  of  the  3 KHz  channel  was  not  completed  until  after  this 
contract  had  expirtd.  The  spacecraft  power  simulator  is  essentially  a vari- 
able power  supply  which  can  be  controlled  on-line  by  the  PDF  11/34  which 
constitutes  the  core  of  the  GSE. 

During  the  extra  four  months  we  also  completed  the  electrical  testing  C'f 
the  above  mentioned  items  and  made  all  necessary  m.od  i f icat  ions  to  optimize 
their  perforiruance  in  actual  use. 

During  the  earlier  phases  of  this  contract,  all  other  goals  had  been 
achieved.  This  included  the  final  desig.n  of  the  telemetry  interface  electron- 
ics, layout  of  all  logic  sticks,  and  construction  and  testing  of  the  various 
electronic  subassemblies.  Note  that  the.  design  of  GSE  that  we  are  using 
allows  us  to  simulate  the  interface  not  only  to  the  instrument  proper,  but 
also  to  any  subassembly.  All  that  is  required  is  the  appropriate  software 
and  interconnections.  This  has  greatly  simplified  and  improved  our  testing 
capability. 

Although  the  logic  sticks  have  been  tested,  they  have  not  yet  been  inte- 
grated into  the  flight  configuration.  They  have  been  interconnected  on  a 
breadboard  and  then  connected  by  appropriate  harnesses  to  the  rest  of  the 
Instrument  so  that  the  whole  system  could  ,^ie  operated  by  the  GSE. 

The  GSE  is  now  completed  and  much  of  the  software  needed  to  test  the 
individual  sticks  and  subassemblies  is  also  written  and  debugged.  In  fact, 
the  test  reports  for  the  various  subassemblies  are  standard  forms  produced  by 
the  GSE  and  signed  by  the  operator.  These  then  become  part  of  the  permanent 
records  for  the  instrument. 

Although  much  effort  has  gone  into  rebuilding  and  refurbishing  the  sensor 
and  analyzers  section  of  the  instrument,  no  x'cealibrution  had  been  undertaken 
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before  this  contract  o;;|iircd.  This  is  in  accordance  with  the  orif'inal 
scliociti]  e • 

In  surrenary,  at  tlio  conclusion  of  this  contract,  tlir  project  as  a whole 
was  proceeding  at  tin  predicted  pace  with  no  major  problems  foreseen.  Deliv- 
ery on  schedule  of  an  excellent  instrument  looked  very  probable.  Since  the 
expiration  date  and  this  writing,  further  progress  has  been  made.  A potential 
weight  prolilem  has  been  solved;  and  we  still  predict  delivery  on  schedule. 

2.0  INSTKUMIiNT 

The  basic  instrument  is  the  ATS-6  prototype  plasma  detector.  We  have 
increased  the  height  of  the  box  by  1^  inches  to  allow  room  for  the  additional 
logic  and  electronics  necessary  to  perform  the  interface  functions.  We  have 
also  added  a microprocessor  to  aid  in  the  distribution  of  comiiiands  since  we 
have  learned  of  the  lin\i tat  ions  on  the  ground  control  command  capability  for 
the  SCiXTHA  mission.  A few  other  minor  changes  have  been  made  to  cc>rrect 
problems  cxjiericnced  by  ATS-6.  For  instance  we  have  replaced  the  motors  v;ith 
a larger  size.  Partial  failure  of  the  temperature  control  system  on  ATS-6 
caused  large  temperature  gradients  to  exist  across  the  bearings.  This  extra 
stress  eventually  caused  sticking  and  finally  limited  detector  rotation  to 
certain  seasons  when  the  temperature  profile  is  favorable.  The  new  motors 
will  prevent  that  problem  even  though  a similar  temperature  control  problem 
on  SCATIlA  is  unlikely  due  to  the  fact  that  it  is  spinning  while  ATS  is  stabi- 
lized with  one  axis  pointing  toward  earth. 

The  grid  cones  at  the  rear  of  the  analyzing  section  have  been  changed 
from  wires  stretched  over  a delrin  frame  to  wires  over  a metal  frame  mounted 
on  insulating  standoffs.  This  was  a simple  change  which  will  prevent  charge 
buildup  in  the  analyzing  volume.  This  effect  can  affect  the  detection  of  very 
low  energy  particles  in  tlie  presence  of  large  fluxes  of  energetic  particles. 

No  other  change  has  been  made  to  the  detectors  themselves. 

Temperature  control  on  ATS-6  was  through  an  active  device  located  direct- 
ly below  our  instrument.  In  the  SCATHA  configuration,  the  instrument  is 
located  on  one  end  of  the  vehicle.  This  isolation  means  that  careful  control 
of  tlje  external  surfaces  must  be  maintained.  Recently  developed  paints  are 
now  available  for  thermal  control  vrtiich  arc  also  good  electrical  conductors. 
Based  on  thermal  calculations  performed  at  Martin  Marietta,  a paint  pattern 
has  been  developed  which  will  insure  good  thermal  properties  while  satisfying 
our  need  for  conducting  outer  surfaces. 


Thr  main  work  loft  to  ))o  done  on  tlio  iiistruincnl  is  the  intejjrot  ion  into 
flipjil  conf  igiirnt  ion  (which  is  being  done  at  this  writing)  and  calibration. 

Tlic  microprocessor  units  have  not  yot  boon  fabricated  due  to  delayed  delivery 
of  parts,  hvit  this  does  not  pose  a problem  for  eventual  timely  delivery. 

3.0  groihn’d  support  i;quipmi:nt 

The  philosojihy  at  UCSD  for  ground  support  equipment  is  somcwliat  different 
from  that  of  other  laboratories.  V/e  believe  in  being  able  to  test  all  sub- 
systems and  the  complete  instrument  in  as  near  to  spacecraft  configuration  as 
possible.  This  includes  the  ability  to  make  tapes  in  spacecraft  format.  In 
this  manner,  we  not  only  are  able  to  test  the  instrument  under  realistic 
conditions,  but  we  arc  also  able  to  start  development  of  software  to  analyze 
data  long  before  launch.  In  fact,  the  checkout  software  can  easily  be  incor- 
porated into  the  final  analysis  i)rograms.  This  means  that  the  CSE  itself  is 
more  cumbersome  than  for  other  experiments,  but  that  tlie  overall  cost  to  the 
program  is  greatly  reduced.  Tliis  is  particularly  true  in  the  SCATUA  case 
since  we  have  chosen  to  use  a PDP  11/3A  as  the  basis  of  the  GSE.  The  other 
approach  is  to  build  special  purpose  equipment  which  will  have  no  use  after 
launch.  The  11/34  will  serve  not  only  before  launch.,  but  will  also  act  as  an 
important  part  of  the  data  reduction  equipment.  In  the  event  of  a follow-on 
or  related  program,  the  same  central  unit  could  be  used  again.  This  would 
result  in  quite  substantial  savings  to  the  second  program. 

VJe  use  the  CAMAC  standard  to  interface  the  instrument  to  the  computer. 
This  has  several  advantages  such  as  being  relatively  easy  to  construct  a 
second  CAM\C  crate  to  run  from  our  laboratory  PDP  11/70.  This  avoids  the 
necessity  of  constructing  two  complete  CSE's  during  those  phases  when  testing 
might  be  done  at  both  UCSD  and  Martin. 

The  GSE  itself  consists  of  the  11/34,  dual  floppy  discs,  CAMAC  crate  and 
controller,  a tape  unit,  terminal,  and  linjj  printer.  All  of  this  is  assembled 
and  working.  The  language  wc  use  is  FORTH,  an  interactive  reverse  Polish  no- 
tation language  specifically  designed  for  controlling  scientific  instruments 
In  real  time.  Software  for  all  major  functions  except  testing  of  the  3 KHz 
analog  output  have  bt!en  written  and  tested  at  the  expiration  of  this  contract. 
Further  development  is  continuing  at  tlie  time  of  this  writing,  and  the  3 KHz 
test  procedure  now  works. 
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4.0  sorrwARK 


As  has  boon  rcjuMt  oAly  niont  ioncci  in  tiic  jjrcvioiis  sections,  sof  twarc 
deve]('i>mcnt  is  a very  imiiorlant  part  of  the  RC-9  instrument  proj^'ram.  This  is 
a continninp,  task,  rrctpient  ly  software  develoiiment  is  being  done  in  parallel 
with  the  actual  construction  of  parts  to  be  tested.  Trnprovemonts  are  made 
from  time  to  time  as  we  j>ct  more  familiar  with  the  assenbled  instruriient.  This 
flexibility  of  testing  capability  has  already  proven  to  be  very  valuable. 

At  the  expiration  of  this  contract,  sufficient  software  existed  to  tost 
all  of  the  logic  sticks  which  had  been  designed  and  constructed. 

In  addition,  we  are  able  tt>  drive  tbc  whole  instrument  in  a spacecraft 
mode.  We  can  read  data  and  send  commands.  All  responses  are  autoniatically 
checked  and  appropriate  messages  printed  out. 

Through  the  progranaTiablc  power  supply,  we  can  automatically  simulate 
various  possible  spacecraft  power  configurations. 

We  ran  store  data  taken  during  tests  and  later  analyxe  it  in  much  greater 
detail  than  is  possible  in  real  time.  Alternatively,  we  have  the  ability  to 
monitor  and  plot  selected  data  as  it  is  generated. 

All  of  these  features  had  been  prograireued  and  checked  at  the  time  of  the 
expiration  of  this  contract.  However,  development  of  several  of  the  main 
programs  is  continuing. 

5.0  WORK  LRFT  TO  DO 

As  has  been  indicated  above,  the  work  which  this  contract  calls  for  has 
been  completed,  but  the  program  itself  is  far  from  complete.  Work  is  current- 
ly being  supported  under  Air  Force  sponsorship.  We  anticipate  no  major 
problems  in  completing  delivery  of  the  instrument. 

6.0  INVIOTTONS  AND  SUIlCONTRACTS 

We  believe  that  no  new  inventions  have  been  developed  during  the  course 
of  this  contract.  No  subcontracts  arc  currently  outstanding. 
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